ABSTRACT Aim: The aim of this study was to estimate the prevalence of Caesarean sections in the third largest city in Vietnam and identify the associated risk factors.
INTRODUCTION
There has been a rapid rise in Caesarean sections since the first documented operations (1) and they are now the most common surgery in both low-middle income and highincome countries (2) . They can save the lives of mothers and babies, but some studies have shown that Caesarean sections above a certain level could even be linked to adverse health consequences (3) (4) (5) (6) . Other studies have shown no impact on reducing maternal, infant and neonatal mortality when the Caesarean section rate was higher than 10% at a population level (7) (8) (9) . In 1985, the World Health Organization stated that there was no justification for any region to have Caesarean section rates higher than 10-15% (6, 10) . In 2015, based on the available data and evidence, the World Health Organization concluded that Caesarean sections were only effective only when they were required for medically indicated reasons.
The Caesarean section rate for developed regions has been estimated to average 21.1% and range from 6.2% to 36% and for less developed countries the respective figure is 14.3%, with a range from 0.4% to 40.5% (6) . There is currently limited data on the rate of Caesarean sections at the population level in Vietnam. Therefore, the aims of this study were to describe Caesarean section rates, indications and associated factors in Da Nang city, the largest city in central Vietnam.
METHODS

Study setting
Da Nang is the third largest city in Vietnam in terms of the urban population. The healthcare system in the city is structured according to the national plans. During the study period, perinatal services were provided in various health
Key notes
This study estimated the prevalence of Caesarean sections in the third largest city in Vietnam and identified the associated risk factors. Our analysis of 20 535 deliveries over a one-year period showed that the overall Caesarean section rate was very high at 58.6%: 57.9% in public hospitals and 70.6% in private hospitals. The three main indications for Caesarean sections were previous Caesarean sections, cephalopelvic disproportion and foetal distress.
facilities: 56 communal health stations, seven district hospitals, five private hospitals and one tertiary hospital. Deliveries are performed in hospitals, by midwives and obstetric specialists.
Data collection
The data collection for this cross-sectional study was performed over 12 months, from April 2015 to March 2016. Every two weeks, the principal investigator visited the tertiary hospital, seven district hospitals and two of the private hospitals to collect the data. All the live births in these hospitals during the study period were included in this study. There were three private hospitals who refused to provide data for the study. Data on maternal age, occupation, modes of delivery, indications for Caesarean section, birth weight and gender of the newborn were collected from the health registration database at all 10 participating health facilities. The Caesarean section indications were retrieved from clinical indications on the basis of medical records. Missing data were coded as not available.
The outcome measures included the overall rate of Caesarean sections and the rates in the public and private sectors. The deliveries that took place in tertiary hospitals and district hospitals were classified as public sector care.
The independent factors that were evaluated were maternal age and occupation, place of residence, parity, namely primiparous or multiparous, multiple births, birth weight and the infant's sex.
Data analysis
The data were collected into a spreadsheet and analysed using R Statistical Language (R Foundation for Statistical Computing, Vienna, Austria). Frequencies and percentages were used to describe the categorical data and means and standard deviations were used to describe continuous data. Caesarean section rates were calculated by the number of Caesarean births divided by the total number of live births (11) . Univariable logistic regression model was used to explore contributing factors associated with modes of birth. Then, the multivariable logistic regression model was applied to assess the independent impact among all of those factors on the mode of delivery. Adjusted odds ratios (aOR) with 95% confidence intervals (CI) were calculated for all predictor variables. p < 0.05 was considered statistically significant.
Ethical approval and consent
This study only used anonymous data and individual informed consent was not required. Approval for the project was provided by the Scientific and Ethics Board of Da Nang Hospital for Women and Children (9 February 2015) and by the Ethics Committee of the Ludwig Maximilian University (15 June 2015) .
RESULTS
During the study period, there were 20 535 live births and 12 035 births were Caesarean sections, corresponding to a rate of 58.6% for the participating hospitals.
The Caesarean section rate was 57.9% for the public hospitals: 43.7% in the district hospitals and 62.9% in the tertiary hospitals. The percentage of Caesarean deliveries in the private hospitals was 70.6% (p < 0.0001). The Caesarean section rate was 60.1% and 56.7% for primiparous and multiparous women, respectively, but (p < 0.0001) we had no information on parity in 57 women. The data are presented in Figures 1 and 2 .
The indications for 10 069 (83.7%) Caesarean section births were recorded and the three main indications were a previous Caesarean section, cephalopelvic disproportion and foetal distress, contributing to nearly 65% of all the Caesarean sections. The differences in the numbers and percentages of all the indications between public and private hospitals are shown in Table 1 . Previous Caesarean sections accounted for more than one-third of all the Caesarean section cases and for approximately two-thirds of the Caesarean sections in multiparous women. Cephalopelvic disproportion, foetal distress and prolonged labour and dystocia contributed to more than 50% of all indications among primiparous women ( Table 1) .
The factors associated with Caesarean sections are presented in Table 2 . Increased rates of Caesarean section were associated with mothers aged over 30 (aOR 1.24, 95% CI: 1.16-1.32), those who had an office job (aOR 1.27, 95% CI: 1.2-1.35) and a history of abortion (aOR 1.52, 95% CI: 1.39-1.65). Higher birth weights (aOR 1.00, 95% CI: 1.00-1.00) and male sex (aOR 1.10, 05% CI: 1.04-1.17) were also associated with the delivery mode of Caesarean section.
DISCUSSION
The increasing rate of Caesarean sections is a worrying issue, both in high-income and low-income countries because it results in negative economic and health-related outcomes (3, 12) . Rates of Caesarean section are different from one country to another and depend on the level of the hospitals where deliveries take place. Of the 20 535 births in Da Nang, 58.6% were Caesarean sections. This rate was much higher than those reported from high-income countries, such as Germany (30.8%), France (20.8%) (13) and the United States (32.2%) (14) and reports from more resource-rich settings in Asia, such as Thailand (34.1%) and Japan (19.8%) (6) . The Caesarean section rate we found in Da Nang was considerably higher than in less developed countries in the South East Asia region, including the Philippines (18.8%) and Cambodia (14.7%) (15) . The worldwide Caesarean section rate has increased to unprecedented levels and varies between different regions and countries (11) . Betr an et al. reported that the average use of Caesarean sections throughout the world was constant over the 24-period from 1990 to 2014 (18.6%) (11) , with the highest rates in Latin America and the Caribbean region (40.5%) and the highest average annual rate of increase in the Asian region. A population-based surveillance in Vietnam's Quang Ninh province from 2008 to 2011 showed a Caesarean section rate of 17% (16) , which was one-third of the Caesarean section rate reported in Da Nang. Caesarean section rates may be related to economic determinants (6) and the connection between rising Caesarean section rates and rapid economic development has been discussed in previous studies (17) . According to the World Health Organization, Caesarean section rates respond to income or factors strongly related to incomes (12) . Vietnam has recorded strong economic growth over the past 30 years and a higher Caesarean section rate may also be found in Quang Ninh now.
The Caesarean delivery rate of 58.6% found in our study was even higher than the rate in China, which has been reported to have the highest Caesarean section rate in the world (46.2%) (15, 18) and it was much higher than the World Health Organization recommended threshold of 15% for all deliveries. A systematic review of ecologic studies concluded that Caesarean section rates from 9% to 16% had an impact on reducing maternal, newborn and infant mortality, but the association disappeared when analyses controlled for social-economic factors (19) . On the other hand, increasing Caesarean section rates above this Figure 2 Caesarean section rates by sector (blue bars) and parity (white bars). threshold did not reduce mortality rates further, regardless of adjustment. To our knowledge, there are currently no specific systems for monitoring and controlling Caesarean sections in Vietnam and this could explain the high prevalence of Caesarean section in Da Nang. Furthermore, culturerelated social concerns may contribute to the increasing Caesarean section rate. In Vietnamese culture, the birth hour and day are believed to contribute to determining a person's fate. Also, having a Caesarean delivery is easier than a vaginal delivery and demand from women and families has contributed to rising Caesarean section rates in middle-and high-income countries (20) . For example, one study showed that women in Argentina expressed a preference for Caesarean sections in both the public (8%) and private sectors (6%) (21) . In addition, the fear of pain and adverse birth outcomes during vaginal birth might be important factors that make women and families choose Caesarean sections. Vietnamese families now tend to have fewer children and many believe that Caesarean sections are safer.
Caesarean section rates varied by the hospitals in our study and were highest in private hospitals (70.6%). A similar disparity was found by a study in Brazil, with 18.9% in public hospitals and 84.3% in private hospitals (22) . Our results showed that, even in district hospitals that mostly care for non-risk pregnancies, the Caesarean section rate was also extremely high. The tertiary hospital acts as a referral hospital for the whole city and surrounding provinces for normal and high-risk pregnancies. This could, to some extent, explain the higher Caesarean section rates at the tertiary hospital (62.9%) compared with the district hospitals (43.7%). A survey in Quang Ninh, Vietnam, confirmed a higher 38% Caesarean section rate in tertiary hospitals compared to 15% at district level (16) .
When we analysed the main indications for Caesarean sections, we found that they were previous Caesarean sections (35.5%), cephalopelvic disproportion (15%) and foetal distress (13%). These rates were similar to the main indications in nine Asian countries reported by World Health Organization, with previous Caesarean sections (24.2%), cephalopelvic disproportion (22.6%) and foetal distress (20.5%) (15) . van Roosmalen and van der Does (23) reviewed the determinants of Caesarean birth and showed that the most frequent reasons to perform Caesarean section included dystocia, repeat Caesarean births, breech delivery and foetal distress, which were consistent with our study. However, the proportion of women with these indications was even higher in Da Nang than in other studies.
In addition, there is no evidence that a Caesarean section is required after a previous Caesarean section delivery (10, 24) and the World Health Organization says that vaginal delivery should normally be encouraged after a Caesarean section, as long as emergency surgical intervention is available (10) . The high prevalence of this indication for Caesarean sections in Da Nang could be due to previous complicated births, which are common in developing countries (25) . In addition, women may not be well informed about the option of vaginal delivery after as previous Caesarean section and the limited knowledge and skills of obstetricians may also make another Caesarean more likely. Previous Caesarean sections seem to be considered as an absolute indication for further Caesarean sections in Vietnam and the knowledge, skills and altitude of healthcare professionals needs to be addressed.
The high rate of Caesarean sections in Vietnam was likely to be associated with demographic factors as well as medical indications, as it was significantly higher in mothers over 30 years. This finding was consistent with studies from 
Mean (SD).
China (26, 27) where the Caesarean section rate is higher in mothers aged 25 years or more. One explanation could be that increasing maternal age may be associated with higher neonatal mortality and stillbirths (28, 29) . It was interesting that male babies were more likely to be delivered by Caesarean section in our study, which was consistent with another study from Vietnam (16) that showed that the gender of newborn infants was associated with mode of delivery. One interpretation is that some families knew the gender of the baby in advance, using of prenatal ultrasound, and demanded that boys were delivered by Caesarean section. Vietnamese families have traditionally preferred sons because of their potential to carry on the family name and lead ancestor worship. Another interpretation could be that male foetuses have been reported to have more potential complications in pregnancies than female foetuses (30) and boys were more likely to be delivered by Caesarean section.
Another socio-economic factor associated with Caesarean sections was the mother's occupation, as women who worked in offices were more likely to have their babies delivered by Caesarean section. Caesarean sections are two to three times more expensive than vaginal deliveries in Vietnam and the cost of giving birth in private hospitals is four to ten times higher than public hospitals. It is possible that office workers were more likely to have the income to pay for them.
To our knowledge, these are the first comprehensive data from the third largest city in Vietnam on elevated levels of Caesarean sections and their associated factors. This study should raise awareness among community and policy makers to pay more attention to Caesarean section rates. The high-risk groups for Caesarean sections identified in this study should be followed further for interventions to reduce the Caesarean section rate in the future. Using the Robson classification, a system that classifies women into 10 groups based on their obstetric characteristics would help to analyse Caesarean section rates within, and across, groups and further identify priority target groups. These Robson classification groups include parity, previous Caesarean sections, gestational age, onset of labour, foetal presentation and the number of foetuses (31) . It is clear from our study that the primary Caesarean section rate needs to be lowered in Vietnam. Furthermore, transferring evidence-based guidelines and recommendations regarding Caesarean sections into clinical practice to promote normal vaginal deliveries is an important task in our setting.
LIMITATIONS OF THE STUDY
The present findings must be interpreted in the context of a number of potential limitations. First, data were extracted from the hospital records and we were not able to confirm the absence of unrecorded risk factors and we lacked sufficient information to code indications for Caesarean sections using the Robson classification. Second, the Caesarean section rates found in Da Nang should not be seen as representative of the entire country. Two private hospitals refused to provide data, so an even higher rate of Caesarean sections could be possible. An American study found that maternal requests accounted for 8% of the total increase in primary Caesarean rates (32) , but this could not be addressed in our study, as the indication for surgery was not always indicated in the medical records. Future studies should take this into account.
CONCLUSION
Our prospective study demonstrated an extremely high rate of Caesarean sections and associated risk factors in Da Nang, one of the biggest cities in Vietnam. These findings highlight the need for monitoring and interventions to reduce the Caesarean section rates at all levels of the health system.
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